Introduction
The short-needle disease of Scots pine (Pinus sylvestris L.) has been described by Gordon (1972) . The disease is characterised by a stunting of one or both needles in some fascicles, whereas other needles in the same shoot develop normally. In a study in the USA, these symptoms appeared to be due to an injury to the meristematic region at the base of the needles during the needle elongation period, thus causing cessation of normal needle growth (Merrill and Zang 1982) . Laitakari (1934) found that the needle length in Scots pine was often different in succeeding shoots; but he also found that part of the needles were exceptionally short in the needle set of some shoots. Apparently, the main cause for the differences in the mean needle length in the succeeding shoots is the variation in the weather factors during the growing seasons (Junttila and Heide 1981, Jalkanen et al. 1995) .
Gall midges are known to cause cessation in the needle elongation and hypertrophy at the needle bases, and the affected short shoots will usually die at the end of growing season (Postner 1982 , Hartmann et al. 1989 ). In the short-needle disease, most of the short and normal needles appear healthy; they are not curved or fused, symptoms associated with Lygus injuries (Holopainen 1986 , Poteri et al. 1987 , or with mineral deficiency or imbalance (Peace 1962) . The phenomenon seems to be fairly common, varying in occurrence from season to season, and even between shoots in one tree.
This study measured the needle length variation of shoots affected by short-needle disease and of healthy shoots. In addition, some histological studies were carried out to detect possible injuries in the needle tissues.
Materials and Methods
Shoot samples for needle length measurements were taken from five locations in southern Finland: Ikaalinen, Ruovesi, and Leivonmäki in October and November 1978, and Hattula in the winter 1993. The samples included one to three successive annual needle sets. The sample trees were 1-2 m tall. Current year shoots collected in 1993 from the uppermost whorl of nonaffected saplings were used as control samples of natural variation in needle length. In most cases, 50 needles per shoot, beginning at the base or in some cases all needles, were measured to an accuracy of one mm. Samples were measured with a ruler or in 1993 an image analyser (Leica Quantimet 500+C) was used.
For histological studies (Jensen 1962) , pieces of needles were fixed in FAA (formaldehydeacetic acid-ethanol), embedded in paraffin and sectioned with a microtome. The sections were then stained using the safranin fast-green method, and mounted in Euparal.
Results and Discussion
The short-needle phenomenon ( Fig. 1 ) was often restricted to only a few shoots in a given sapling. Even on one branch, succeeding needle sets were often affected differently. In some cases, the disease had become more and more serious in succeeding shoots. In some saplings, the current shoots were healthy, even though, the needle sets from the previous year were severely affected. One needle of a fascicle might have grown normally, while the growth of the other had been inhibited. The disease syndrome was found all over southern and central Finland both in young pines growing in open stands, and in solitary older trees. In the nurseries the short needle disease has not been recorded but it have some similarities with growth disturbances caused by Lygus rugulipennis or other Lygus species (see below).
The length of the needles on diseased shoots varied from 2 to 60 mm, with very high standard deviation. In healthy shoots, the range of the length of 50 needles was not greater than 4 mm in some cases. The disease was found to occur in stands growing both on mineral soil sites and on peatland. In Ruovesi (at a poor peatland site), the maximum needle length was 46 mm: the stan- dard deviation (S.D.) in the healthiest shoot was only 1.1, but in the most seriously diseased shoot it was 10.6 (Table 1) . On the adjoining mineral soil site, the needle length varied from 5 to 55 mm: the standard deviation in the healthiest shoot was 1.7, and in the most seriously diseased shoot 17.4 (Table 2) . In other locations, on a more fertile site, the corresponding figures for the standard deviation were 3.1 for healthy and 12.0 for affected shoots (Fig. 2) . The skewness of the data of separate shoots was negative or positive depending on the extent to which the shoot was affected. There were clear differences in the mean lengths of the needles in the healthy control trees, but the standard deviation (S.D.) was low in each measured needle set. The highest S.D., 4.94, was in tree A58, and the lowest, 2.49 in tree A13. Actually, there were some exceptionally short needles even in these healthy shoots, e.g. in A58 (Fig. 3) , which caused some negative skewness in needle length distribution. Wood and Pennypacker (1974) showed that the development of the short-needle disease did not depend on the presence of air pollutants as Gordon (1972) previously suspected. We found that the pathologically short needles had no symptoms of fungal infection, and microscopically, no collapse of mesophyll tissue which is usually associated with the action of fungal parasites (Mitchell et al. 1978 , Jewell 1993 or hyphae were observed. However, the possible presence of endophytes was not investigated. Most short needles had deformed tissue at their base often extending to the transfusion tissue or to the vascular bundle (Fig. 4) , but not to the distal part of the needles. The injuries seemed to be of mechanical or physiological origin. The needles were injured in the beginning or during the active growing, otherwise elongation would not have 1) The needle sets of succeeding years. 1 = the needle set of the current year. 2) N = the number of needles measured. 1) The needle sets of succeeding years. 1 = the needle set of the current year. 2) N = the number of needles measured.
been inhibited. The observed histological injuries were similar to those produced on pine needles in feeding experiments with Lygus rugulipennis (Poteri et al. 1987) . Obviously, the cause of the deformation was a biological agent. According to Merrill and Zang (1982) , this type of injury is most likely caused by insects. Nearly the same type of basal injury was described in pine needles by Rice et al. (1986) . They stated that lesions enlarged with needle age; they posited that the phenomenon was related to sulphur depositions. In the present study, no later enlargement of lesions was observed; nor was there any evidence of the collapse of mesophyll tissue which also occurs regularly in cases of sulphur dioxide injury (Stewart et al. 1973, Smith and Davis 1978) . Often in this study, the endodermis had been penetrated from the abaxial side of the needle. Salivary sheaths , probably made by hemipterous insects (cf. Carter 1973) , were found in deformed tissues in the needle bases as well as in the undeformed mature tissues of the distal parts of the needles. At the base of stunted needles, most of the tissues from the epidermis to the vascular bundle were deformed, which apparently had inhibited normal physiological functions. When the needles had not died the injuries had healed and were covered by deformed sclerencymatic hypodermal tissue or wound periderm (Fig. 4) , after which the injured areas remained apparently unchanged. This kind of structural healing may be possible only in actively growing pine needles. In mature needles, defence reactions to fungal infections are restricted to the formation of chemical barriers, such as suberification or impregnation of cells with resinous or phenolic materials (e.g. Mitchell et al. 1978) . The result of this study was that the abnormal needle length variation was associated with injuries at needle bases, which might be caused by insects feeding on the meristematic tissue of growing needles. However, direct evidence for this association remains still inadequate. Figs. 5-6. A salivary sheath (arrow) going through a stomata into the needle (Fig. 5) with its end penetrating an endodermal cell (Fig. 6) . 
